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[57] ABSTRACT 
Process for the production of unsaturated aliphatic ni 
triles selected from acrylonitrile, methacrylonitrile. 
crotononitrile, alpha-ethylacrylonitrile, beta 
ethylacrylonitrile, alpha, beta-dimethylacrylonitrile, 
beta, beta~dimethylacrylonitrile, chloroacrylonitrile 
and fumaronitrile, which comprises contacting a gas 
mixture consisting essentially of an olefinic compound 
selected from ethylene, propylene, normal butylene, 
isobutylene and vinyl chloride, hydrogen cyanide and 
oxygen or a molecular oxygen-containing gas at a tem 
perature of 100° to 500°C with a catalyst selected 
from palladium metal, chloride, bromide, iodide. cya 
nide, thiocyanide, oxide, hydroxide, sulfide, sulfate. 
nitrate, phosphate, hypochlorite. chlorite. chlorate. 
bromate, iodate, formate, acetate, mono 
chloroacetate and oxalate which has been treated with 
a reducing sulfur compound at a temperature of from 
—10° to 1,200°C. The treatment with a reducing sulfur 
compound remarkably improves the catalytic life. Hy 
drogen sulfide and sulfur dioxide are especially pre‘ 
ferred as reducing sulfur compound. 

14 Claims, N0 Drawings 
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PROCESS FOR THE PRODUCTION OF 
UNSATURATED AlLlPHATllC NITRILES 

This is a continuation, of application Ser. No. 
206,541, filed Dec. 9, 1971, now abandoned, which in 
turn was a continuation of Ser. No. 807,976, ?led Mar. 
17, 1969, now abandoned. ' 
This invention relates to a process for producing un 

saturated nitriles by subjecting a gaseous mixture of an 
unsaturated organic compound, hydrogen cyanide and 
oxygen to a gas phase catalytic reaction in the presence 
of a catalyst comprising palladium metal or a com 
pound thereof which has been treated with a reducing 
sulfur compound. ‘ 

In our British Pat. No. 1,084,599 there is described 
a process for producing unsaturated aliphatic nitriles 
directly in one stage by subjecting a gaseous mixture of 
olefinic hydrocarbon, hydrogen cyanide and oxygen to 
a gas phase catalytic reaction. ' 
Other processes for producing unsaturated aliphatic 

nitriles described in our British Pat. Nos. 1,127,355 and 
1,139,398 comprise subjecting a gaseous mixture con 
taining olefinic hydrocarbon, hydrogen cyanide and ox 
ygen to a catalytic reaction in the presence of hydrogen 
halide, halogenated aliphatic nitrile, or a gaseous mix 
ture thereof or together with unsaturated aliphatic ni 
trile. 

It has been found that when the catalyst comprising 
palladium metal or a compound thereof is used after 
treatment with a reducing sulfur compound the cata 
lytic life is remarkably improved. 
Examples of the olefinic compounds according to the 

present invention include ethylene, propylene, normal 
butylene, isobutylene and vinyl chloride. 
The products of the unsaturated aliphatic nitriles are: 

acrylonitrile from ethylene; methacrylonitrile and 
crotononitrile from propylene; alpha-ethylacrylonitrile, 
beta-ethylacrylonitrile and alpha, beta 
dimethylacrylonitrile from normal butylene; beta, beta 
dimethylacrylonitrile from isobutylene; and chloroa 
crylonitrile, fumaronitrile and acrylonitrile from vinyl 
chloride. 
The catalysts according to the present invention in 

clude palladium metal and palladium compounds. Al 
though it is desirable to incorporate at least one com 
pound of lithium, sodium, potassium, rubidium, ce 
sium, magnesium, calcium, strontium, barium, zinc, 
cadmium, lanthanum, cerium, thorium,'uranium, in 
dium, antimony, bismuth, chromium, molybdenum, 
tungsten. iron. cobalt, nickel, thallium manganese, tin, 
lead, vanadium. tellurium, silver or one metal or one 
compound of copper, platinum or ruthenium into the 
catalyst mentioned above, it is not essential. 
The palladium compounds and the compounds of 

lithium, sodium, potassium, rubidium, cesium, magne 
sium, calcium, strontium, barium, zinc, cadmium, lan 
thanum, cerium, thorium, uranium, indium, antimony, 
bismuth, chromium, molybdenum, tungsten, iron, co 
balt, nickel, thallium, manganese, tin, lead, vanadium, 
tellurium, silver, copper, platinum and ruthenium men 
tioned above include chlorides, bromides, iodides, cya 
nides, thiocyanides, oxides, hydroxides, sulfides, sul 
fates, nitrates, phosphates, selenites, hypochlorites, 
chlorites, chlorates, bromates, iodates, organic acid 
salts such as formates, acetates, monochloroacetates, 
citrates and oxylates. 
The use of a carrier is not essential but is preferable. 

The carrier may be any one that can be usually em 
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2 
ployed as carrier; Examples of carrier are silica, alu 
mina, silica-alumina, alumina-boria, alumina spinel, ac 
tive carbon, diatomaceous earth, pumice, molecular 
sieves and silicates. The amount of palladium metal or 
a compound of palladium in the catalyst supported on 
a carrier is preferably in the range of0.02 to 20 percent 
by weight. When a compound of lithium or other met 
als above-described is used, the atomic ratio of palla 
dium to lithium or other metals is preferably in the 
range of l : 100 — 1/l,000. 
The catalyst for use in the process of this invention 

may be prepared, for example, (a) by supporting on a 
carrier the whole components of catalyst by any of the 
conventional methods such as immersing method, mix 
ing method, coprecipitating method, co-gelling method 
or heating method and treating the resultant mixture 
with a reducing sulfur compound or (bl'by supporting 
on a carrier a part of the components of catalyst by said 
method, treating the resultant mixture with a reducing 
sulfur compound and supporting the remaining part of 
the component of catalyst. 
The reducing sulfur compounds may be either liquid 

or gas. When the reducing sulfur compound is gas, the 
concentration is preferably in the range of l to 100 per 
cent by volume. The gaseous reducing sulfur com 
pounds may contain a small amount of a reducing gas 
such as hydrogen or carbon monoxide. When the re 
ducing sulfur compound is liquid, the concentration is 
preferably in the range of 0.001 to 100 percent by 
weight. Solvents such as water, aliphatic hydrocarbons 
such as hexane, aromatic hydrocarbon such as toluene, 
ketones, ethers and carboxylic acids may be used. 
The temperature at which the reducing sulfur com 

pound treatment is to be conducted is preferably in the 
range of —l0° to 1,200°C. When hydrogen sulfide or 
sulfur dioxide gas is used, the temperature is preferably 
in the range of 200° to 1,000°C. The reducing sulfur 
compound treatment is carried out at atmospheric 
pressure but may also be effected under pressure or 
under reduced pressure. ‘ 

Exemplary reducing sulfur compounds of the present 
invention include hydrogen sul?de, sulfur dioxide, am 
monium thiocyanate, mercaptans such as methyl-. eth 
y1-, normal propyl-, secondary propyl-, normal butyl-, 
isobutyl-, secondary butyl-, tertiary butyl-, normal 
amyl-, normal hexyl-, normal heptyl-, normal octyl- or 
normal nonyl-mercaptan, sulfides such as methyl-, eth 
yl-, normal propyl-, normal butyl-, normal amyl-, nor 
mal hexyl- or phenyl-sulfide, disulifides such as methyl-, 
ethyl- or phenyl-disul?des and thiophenes such as thio 
phene, Z-methyl- or 3-methyl thiophene. Especially hy~ 
drogen sulfide and sulfur dioxide are preferred. 
The reaction of the present invention may be effec 

tively carried out in the presence of one hydrogen hal~ 
ide such as hydrogen chloride, hydrogen bromide or 
hydrogen iodide but the presence of the hydrogen hal 
ide is not essential. 
Also the reaction may be effectively carried out in 

the presence of a halogenated aliphatic nitriles such as 
beta-halogenated propionitrile, beta-halogenated 
isobutyronitrile, beta-halogenated butyronitrile, l 
halo-2-cyanobutane, l-cyano-2-halobutane, 2-halo-3 
cyanobutane and beta-methyl-beta-halobutyronitrile. 
As halogens contained in these compounds, chlorine, 
bromine and iodine are preferable. More specifically, 
when using ethylene or vinyl chloride as an olefinic hy 
drocarbon, beta-halogenated propionitrile is preferred, 
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and if propylene is used, beta-halogenated isobutyroni 
trile and beta-halogenated butyronitrile are preferable. 
When using n~butylene, l-halo-2-cyanobutane, l 
cyano-Z-halobutane and 2-halo-3-cyanobutane are 
preferable, and if isobutylene is used, beta-methyl 
beta-halobutyronitrile is preferred. 
The volume ratio of the olefinic hydrocarbon to hy 

drogen cyanide in a starting gas mixture is preferably 
in the range of 1:20-1/50 and the volume ratio of oxy 
gen to hydrogen cyanide is preferably in the range of 
80-l/20z1. When a hydrogen halide is employed, the 
volume ratio of hydrogen cyanide to the hydrogen hal 
ide is preferably in the range of l:20—l/l00. When a 
halogenated aliphatic nitrile is employed, the volume 
ratio of hydrogen cyanide to the halogenated aliphatic 
nitrile is preferably in the range of 1:20-1/100. 

In practicing the process of the present invention, the 
presence of an inert gas or a relatively low reactive gas 
is not necessarily required but is not objectionable. The 
inert or relatively low reactive gas which may be pres 
ent in a starting gas mixture includes helium, nitrogen, 
carbon dioxide, carbon monoxide, steam, methane, 
ethane, propane, butane, ethylbenzene and aliphatic 
nitriles such as acrylonitrile, propionitrile, acetonitrile, 
methacrylonitrile and crotononitrile. 

ln practicing the present invention, a small amount of 
hydrogen sulfide may be present in the starting gas mix 
ture but this is not essential. 
The temperature adopted in the present invention is 

generally from 100° to 500°C and preferably from 200° 
to 450°C. 
The pressure in the present invention may be atmo 

sphcric. The reaction may also be effected under super 
atmospheric pressure. 
The space velocity is preferably in the range of 20 

hr“, to 20,000 hr". 
This invention will be illustrated by the following ex 

amples which are in no way limiting upon the scope 
thereof. Percentages are by mole unless expressly 
stated to the contrary. 

EXAMPLE 1 

An aqueous hydrochloric acid solution containing 
0.1 gram-mole of palladium chloride and 0.1 gram 
mole of zinc chloride was mixed with l L. of an aque 
ous silica sol solution containing 20 percent by weight 
of SiOz and the mixture was evaporated to dryness in 
a rotary evaporator. The resultant mixture was treated 
with hydrogen sulfide gas at 400°C. for 20 hours. Fur 
thermore 0.1 gram-mole of cesium chloride per 1 L. of 
silica sol was supported on the resultant mixture. 5 ml. 
of this catalyst was mixed with 5 ml. of quartz sand and 
filled into a reaction tube of heat-resistance glass of 8 
mm. inside diameter. The reaction tube was maintained 
at 360°C. and a gas mixture consisting of ethylene, hy 
drogen cyanide, oxygen, hydrogen chloride and nitro 
gen at a volume ratio of 3:1:2:1:3 was introduced at a 
space velocity of 300 hr“. The yield of acrylonitrile 
based on the introduced hydrogen cyanide was 90.1 
percent both over 5 days and over 60 days after the 
starting of reaction. 

COMPARATIVE EXAMPLE 1 

An aqueous hydrochloric acid solution containing 
0.1 gram~mole of palladium chloride, 0.1 gram-mole of 
zinc chloride and 0.1 gram-mole of cesium chloride 
was mixed with l 1. of an aqueous silica sol solution 
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containing 20 percent by weight of SiO2 and the mix 
ture was evaporated to dryness in a rotary evaporator. 
Using 5 ml. of this catalyst, the reaction was carried out 
in the same manner as in Example 1. The yield of acry 
lonitrile based on the introduced hydrogen cyanide was 
87.0 percent over 5 days after the starting of reaction 
and 45.1 percent over 60 days after the starting of reac 
tion. 

EXAMPLE 2 

5 m1. of the same catalyst as in Example 1 was mixed 
with 5 m1. of quartz sand and filled into the same reac 
tion tube as in Example 1. The reaction tube was main 
tained at 380°C. and a gas mixture consisting of normal 
butylene, hydrogen cyanide, oxygen, hydrogen chlo 
ride and nitrogen at a volume ratio of 2:l:l:l:5 wasin~ 
troduced at a space velocity of 100 hr". The yields of 
alpha, beta-dimethylacrylonitrile and ethylacrylonitrile 
based on the introduced hydrogen cyanide were 27.0 
and 53.0 percent respectively, both over 5 days and 30 
days after the starting of reaction. 

COMPARATIVE EXAMPLE 2 

The reaction was carried out in the same manner as 
in Example 1 using the same catalyst as in Comparative 
Example 1. The yields of alpha, beta 
dimethylacrylonitrile and ethylacrylonitrile based on 
the introduced hydrogen cyanide were 25.5 and 52.3 
percent respectively over 5 days after the starting of re 
action and 18.0 and 37.1 percent respectively, over 30 
days after the starting of reaction. 

EXAMPLE 3 

2 ml. of the same catalyst as in Example 1 was mixed 
with 2 m1. of quartz sand and filled into the same reac 
tion tube as in Example 1.The reaction tube was main 
tained at 330°C. and a gas mixture consisting of vinyl 
chloride, hydrogen cyanide, oxygen, hydrogen chloride 
and nitrogen was introduced at a volume ratio of 
3:1:l:1:4 was introduced at a space velocity of 500 
hr". The yields of chloroacrylonitrile, fumaronitrile 
and acrylonitrile based on the introduced hydrogen cy 
anide were 20.2, 17.8 and 15.3 percent respectively, 
over 5 days after the starting of reaction and the same 
yields were maintained over 15 days after the starting 
of'reaction. 

COMPARATIVE EXAMPLE 3 

Using the same catalyst as in Comparative Example 
I, the reaction was carried out in the same manner as 
in Example 3. The yields of chloroacrylonitrile, 
fumaronitrile and acrylonitrile based on the introduced 
hydrogen cyanide were 20.0, 17.8 and 15.0 percent re 
spectively, over 5 days after the starting of reaction, 
and 15.8, 15.0 and 13.5 percent respectively, over 15 
days after the starting of reaction. 

EXAMPLE 4 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of cadmium chloride and 0.1 gram-mole of cesium 
chloride were supported on 1 l. of silica gel and the re 
sultant mixture was treated at 400°C. for 20 hours with 
a hydrogen sulfide gas containing 50 percent by volume 
of nitrogen. Then 0.1 gram-mole of cesium chloride 
was supported on the resultant mixture. 10 ml. of this 
catalyst was mixed with 10 m1. of quartz sand and filled 
into a reaction tube of heat-resistance glass of 8 mm. 
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inside diameter. The reaction tube was maintained at 
350°C. and a gas mixture consisting of propylene, hy 
drogen cyanide, oxygen, hydrogen chloride and nitro 
gen at a volume ratio of 3:l:2:1:3 was introduced at a 
space velocity of 200 hr“. The yields of methyacryloni 
trile and crotononitrile based on the introduced hydro 
gen cyanide were 36.3 and 54.1 percent respectively, 
over 2 days after the starting of reaction, and the same 
yields were maintained over 50 days after the starting 
of reaction. 

COMPARATIVE EXAMPLE 4 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of cadmium chloride and 0.2 gram~mole of cesium 
chloride were supported on 1 l. of silica gel. 10 ml. of 
this catalyst was mixed with 10 ml. of quartz sand and 
filled into the same reaction tube as in Example 4. The 
reaction was carried out in the same manner as in Ex 
ample 4. The yields of methacrylonitrile and crotononi 
trile based on the introduced hydrogen cyanide were 
38.1 and 52.5 percent respectively, over 2 days after 
the starting of reaction, and 23.8 and 35.5 percent re 
spectively, over 50 days after the starting of reaction. 

EXAMPLE 5 

10 ml. of the same catalyst as in Example 4 was 
mixed with 10 ml. of quartz sand and ?lled into the 
same reaction tube as in Example 4. The reaction tube 
was maintained at 300°C. and a gas mixture consisting 
of isobutylene, hydrogen cyanide, oxygen, hydrogen 
chloride and nitrogen at a volume ratio of 3:l:2:2:2 was 
introduced at a space velocity of 200 hr“. The yield of 
of beta, beta-dimethylacrylonitrile based on the intro 
duced hydrogen cyanide was 80.3 percent over 5 days 
after the starting of reaction and about the same yield 
was maintained over 30 days after the starting of reac 
tion. 

COMPARATIVE EXAMPLE 5 

Using the same catalyst as in Comparative Example 
4, the reaction was carried out in the same manner as 
in Example 5. The yield of beta, beta 
dimethylacrylonitrile based on the introduced hydro 
gen cyanide was 75.9 percent over 5 days after the 
starting of reaction and 66.3 percent over 30 days after 
the starting of reaction. 

EXAMPLE 6 

0.1 gram-mole of palladium chloride was supported 
on 1 l. of silica gel, which is referred to as “A”. A was 
reduced with hydrogen at 350°C, which is referred to 

A was reduced with an aqueous hydrazine 
, alkaline solution, which is referred to as “C”. A, B and 
C were treated at 350°C. for 20 hours with a hydrogen 
sulfide gas containing 70 percent by volume, respec 
tively. 0.1 gram-mole of sodium chloride and 0.1 gram: 
mole of potassium chloride were supported on both B 
and C. The catalysts of A, B and C thus obtained were 
?lled into the same reaction tube as in Example 5, re 

. spectively. Each reaction tube was maintained at 
330°C. and a gas mixture consisting of ethylene, hydro 
gen cyanide, oxygen, hydrogen chloride and nitrogen at 
a volume ratio of l0:l:2:1:1 was introduced at a space 
velocity of 150 hr". The yield of acrylonitrile based on 
the introduced hydrogen cyanide was 82.1 percent ac 
cording to the catalyst of A, 79.2 percent according to 
the catalystof B and 83.4 percent according to the cat 
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6 
alyst of C, over 10 days after the starting of reaction. 

EXAMPLE 7 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of cadmium chloride and 0.2 gram-mole of cesium 
chloride were supported on 1 l. of active carbon by the 
conventional immersion method and the resultant mix 
ture was treated at 450°C. for 15 hours with a hydrogen 
sul?de gas containing 5 percent by volume of carbon 
monoxide. 5 ml. of this catalyst was mixed with 5 ml. 
of quartz sand and filled into a reaction tube of heat 
resistance glass of 8 mm. inside diameter. The reaction 
tube was maintained at 300°C. and a gas mixture con 
sisting of ethylene, hydrogen cyanide, oxygen, hydro 
gen chloride and nitrogen at a volume ratio of 
5:2:1:1:40 was introduced at a space velocity of 600 
hr". The yield of acrylonitrile based on the introduced 
hydrogen cyanide was 86.5 percent over 12 days after 
the starting of reaction. 

EXAMPLE 8 

The same catalyst as in Example 7 was treated at 
310°C. for 5 hours with a gas mixture of hydrogen and 
nitrogen at a volume ratio of 1:1 and furthermore 
treated at 400°C. for 20 hours with hydrogensulfide 
gas. 5 ml. of this catalyst was mixed with 5 ml. of quartz 
sand and filled into a reaction tube of heat-resistance 
glass of 8 mm. inside diameter. The reaction tube was 
maintained at 310°C. and a gas mixture consisting of 
ethylene, hydrogen cyanide, oxygen and nitrogen at a 
volume ratio of 7:112:20 was introduced at a space ve 
locity of 800 hr‘l. The yield of acrylonitrile based on 
the introduced hydrogen cyanide was 85.1 percent 
over 7 days after the starting of reaction. 

EXAMPLE 9 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of cadmium chloride and 0.1 gram-mole of bismuth 
chloride were supported on 1 l. of silica gel. The resul~ 
tant mixture was immersed in a saturated aqueous solu~ 
tion of hydrogen sulfide, filtered off by suction and im 
mersed in the saturated aqueous solution. This proce 
dure was repeated several times and the mixture was 
thoroughly washed with water and dried by suction. 
Then 0.1 gram-mole of cesium chloride was supported 
on the resultant mixture. 5 ml. of this catalyst was 
mixed with 5 ml. of quartz sand and filled into a reac 
tion tube of heat-resistance glass of 8 mm. inside diam 
eter. The reaction tube was maintained at 300°C. and 
a gas mixture consisting of ethylene, hydrogen cyanide, 
oxygen, beta-chloropropionitrile and nitrogen at a vol 
ume ratio of 3:1:2:1:l3 was introduced at a space ve 
locity of 600 hr“. The yield of acrylonitrile based on 
the introduced hydrogen cyanide was 82.0 percent 
over 30 days after the starting of reaction. 

EXAMPLE 10 

0.1 gram-mole of palladium chloride was supported 
on 1 l. of silica gel and the resultant mixture was treated 
at 300°C. for 30 hours with a hydrogen sul?de gas con 
taining 40 percent by volume of nitrogen and 10 per 
cent by volume of hydrogen. Furthermore 0.1 gram 
mole of cadmium chloride and 0.2 gram-mole of potas 
sium bromide was supported on the resultant mixture. 
15 ml. of this catalyst was filled into a reaction tube of 
heat-resistance of 10 mm. of inside diameter. The reac 
tion tube was maintained at 330°C. and a gas mixture 
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consisting of propylene, hydrogen cyanide, oxygen, hy 
drogen chloride and nitrogen at a volume ratio of 
7:1:1:2:4 was introduced at a space velocity of 150 
hr“. The yields of methacrylonitrile and crotononitrile 
based on the introduced hydrogen cyanide were 35.5 
and 53.4 percent respectively, over-30 days after the 
starting of reaction. 

EXAMPLE 11 

An aqueous hydrochloric acid solution containing 
0.1 gram-mole of palladium chloride, 0.1 gram-mole of 
zinc chloride, 0.1 gram-mole of cesium chloride and 
0.1 gram-mole of ferric chloride was mixed with 1 l. of 
an aqueous alumina sol solution containing 10 percent 
by weight of A1203 and the mixture was evaporated to 
dryness in a rotary evaporator, The resultant mixture 
was treated with hydrogen sulfide gas at 800°C. for 5 
hours. 5 ml. of this catalyst was mixed with 5 ml. of 
quartz sand and ?lled into a reaction tube of heat— 
resistance glass of 8 mm. inside diameter. The reaction 
tube was maintained at 310°C. and a gas mixture con 
sisting of ethylene, hydrogen cyanide, oxygen, hydro 
gen chloride and nitrogen at a volume ratio of 
10:2:211135 was introduced at a space velocity of 800 
hr“. The yield of acrylonitrile based on the introduced 
hydrogen cyanide was 84.2 percent over 60 days after 
the starting of reaction. 

EXAMPLE 12 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of chloroplatinic acid and 0.1 gram-mole of potassium 
chloride were supported on 1 l. of active carbon by the 
conventional immersion method and the resultant mix 
ture was reduced with hydrogen at 350°C. and thereaf 
ter treated at 350°C. for 20 hours with a hydrogen sul 
fide gas containing 90 percent by volume of nitrogen. 
15 ml. of this catalyst was mixed with 5 ml. of quartz 
sand and filled into a reaction tube of heat-resistance 
glass of 10 mm. inside diameter. The reaction tube was 
maintained at 360°C. and a gas mixture consisting of 
propylene, hydrogen cyanide, oxygen, hydrogen chlo 
ride and nitrogen at a volume ratio of 5:111:112 was in 
troduced at a space velocity of 150 hr". The yields of 
methacrylonitrile and crotononitrile based on the intro 
duced hydrogen cyanide were 22.3 and 30.5 percent 
respectively, over 90 days after the starting of reaction. 

EXAMPLE 13 

0.1 gram~mole of palladium nitrate and 0.1 gram 
mole'of zinc nitrate were supported on 1 l. of silica gel 
and the resultant mixture was immersed on a saturated 
aqueous solution of hydrogen sulfide, filtered off by 
suction and dried by suction and 0.1 gram-mole of ce 
sium iodide was supported on the resultant mixture. 5 
ml. of this catalyst was mixed with 5 ml. of quartz sand 
and filled into a reaction tube of heat-resistance glass 
of 8 mm. inside diameter. The reaction tube was main 
tained at 300°C. and a gas mixture consisting of propy 
lene, hydrogen cyanide, oxygen, hydrogen iodide and 
nitrogen at a volume ratio of 3:l:l:1:4 was introduced 
at a space velocity of 100 hr". The yields of methacry 
lonitrile and crotoninitrile based'on the introduced hy 
drogen cyanide were 45.0 and 41.5 percent respec 
tively, over 35 days after the starting of reaction. 

EXAMPLE 14 

0.1 gram-mole of palladium chloride and 0.1 gram 
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mole of barium chloride were supported on 1 l. of alu 
mina and the resultant mixture was treated with hydro 
gen sul?de gas at 500°C. for 10 hours. 5 ml. of this cata 
lyst was mixed with 5 ml. of quartz sand and filled into 
a reaction tube of heat-resistance glass of 8 mm. inside 
diameter. The reaction tube was maintained at 280°C. 
and a gas mixture consisting of propylene, hydrogen cy 
anide, oxygen, nitrogen and hydrogen sulfide at a vol 
ume ratio of 7:1:l:1:0.l was introduced at a space ve 
locity of 500 hr'‘. The yields of methacrylonitrile and 
crotononitrile were 27.5 and 41.2 percent respectively, 
over 10 days after the starting of reaction. 

EXAMPLE 15 

0.1 gram-mole of palladium chloride, 0.1 gram-mole 
of thallium chloride and 0.1 gram-mole of potassium 
cyanide were supported on 1 l. of alumina and the re 
sultant mixture was treated with hydrogen sulfide gas 
at 350°C. for 20 hours and furthermore 0.1 gram-mole 
of potassium cyanide was supported on the resultant 
mixture. 10 ml. of this catalyst was filled into a reaction 
tube of heat-resistance glass of 8 mm. inside diameter. 
The reaction tube was maintained at 330°C. and a gas 
mixture consisting of ethylene, hydrogen cyanide, oxy 
gen, hydrogen chloride and nitrogen at a volume ratio 
of l:l:1:1:l was introduced at a space velocity of 200 
hr". The yield of acrylonitrile based on the introduced 
hydrogen cyanide was 78.1 percent over 15 days after 
the starting of reaction. . 

EXAMPLE 16 

0.1 gram-mole of palladium nitrate and 0.1 gram 
mole of ammonium vanadate were supported on 1 l. of 
zinc-alumina-spinel and the resultant mixture was 
treated at 400°C. for 20 hours with a hydrogen sulfide 
gas containing 70 percent by volume of nitrogen and 
thereafter heated at 400°C. for 5 hours in air. 5 ml. of 
this catalyst was mixed with 5 ml. of quartz sand and 
filled into a reaction tube of heat-resistance glass of 8 
mm. inside diameter. The reaction tube was maintained 
at 350°C. and a gas mixture consisting of propylene, hy 
drogen cyanide, oxygen, hydrogen chloride and nitro 
gen at a volume ratio of 3:1:l:l:4 was introduced at a 
space velocity of 700 hr“. The yields of methacrylo 
nitrile and crotononitrile based on the introduced hy 
drogen cyanide were 20.5‘and 31.1 percent respec 
tively, over 21 days after the starting of reaction. 

EXAMPLE 17 

0.1 gram-mole of palladium chloride and 0.1 gram 
mole of cadmium chloride were supported on 1 l. of sil 
ica gel and the resultant mixture was reduced with an 
aqueous hydrazine-alkaline solution and furthermore 
treated at 420°C. for 15 hours with a hydrogen sulfide 
gas containing 5 percent by volume of nitrogen. 2 ml. 
of this catalyst was mixed with 2 ml. of quartz sand and 
filled into a reaction tube of heat-resistance of 6 mm. 
inside diameter. The reaction tube was maintained at 
360°C. and a gas mixture consisting of ethylene, hydro 
gen cyanide, oxygen, hydrogen chloride and carbon 
monoxide at a volume ratio of 5:1 :1 : l :7 was introduced 
at a space velocity of 100 hr'‘. The yield of acryloni 
trile based on the introduced hydrogen cyanide was 
82.3 percent over 90 days after the starting of reaction. 

EXAMPLE 18 

0.1 gram-mole of palladium chloride and 0.1 gram 



9 
mole of cadmium chloride and 0.1 gram-mole of ce-. 
sium chloride were supported on 1 l. of silica gel and 
the resultant mixture was treated with hydrogen sulfide 
gas at 400°C. for 20 hours and furthermore 0.1 gram 
mole of cesium chloride was supported on the resultant 
mixture. 50 ml. of this catalyst was mixed with 50 ml. 
of quartz sand and ?lled into a reaction tube of stainless 
steel of 10 mm. inside diameter. The reaction tube was 
maintained at 330°C. and the reaction pressure was 
maintained at 6 l(g./cm.2 and a gas mixture consisting 
of ethylene, hydrogen cyanide, oxygen, hydrogen chlo 
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410 
ride and nitrogen at a volume‘ ratio of 5:1:l:l:7 was in 
.troduced at a space velocity of 300 hr“. The yield of 
'acrylonitrile based on the introduced hydrogen cyanide 
was 88.1 percent over 30 days after the starting of reac 
tion. ' ' 

EXAMPLES l9 to 37 

Examples in which there were used catalysts pre 
pared frorn palladium metal or palladium compounds 
and Oih?r.!IL¢@L§2P1EFHIQ§§LE'EYYLQ" Table} 





Hydro- Hydro‘ gen Oxy- gen Nitro 

cyanide gen halide gen Others Yield of products (percent) 2 2 H01, 1.- 5 Grotononltrile, 0.5. . Mgtdnacrylonitrile, 18.0; orotoncnltrile, 

1 2 HO], 1__ 1 0_.._...___._.._-_.__ Acrylonitrile, 72.8. 
1 1 HCl, 1__ 5 0__.__..___.___-__..- Mighéicrylonitrile, 31.1; crotononitrile, His 

423 represents the treatment of hydrogen sul?de 

Composition of a feed gas mixture (volume ratio) { } represent the ones treated with hydrogen sul?de. { } 

TABLE I -Continued 

Reaction 
temper- Space ature velocity 

Carrier (° C.) (hr?!) 
Alumina__.___._-_..__ 300 1,000 Propylene,1._._____ Iron-alumina-spinel- - _ 330 300 Ethylene, 10_ _ _ _ _ _ _ _ Silicagel______________ 330 300 Propylene, 2--.--.“ 

H1 S 350 20 H2 S 400 10 H2 S 350 15 

Lani enum chloride (0. 05) _ .- i 
Palladium” chloride (0. 1).. 

l'l‘lie ?gures in (El) represent gram-mole'of a catalyst supported on 1 l. of a carrier. The compounds in 

gas at 400° C. for 20 hours. 

ide (0.2311 
(0. 1) ._ (o. 1) _ 

ljalladium metal (0.1) _ 

a 

Zinc chloride (0.1)_-.-__-._ 
Catalvst \ 

trontium sulfate (0.1) Potassium ehlor 
l2 

Palladium chloride Potassium chlorate 2 Yield based on the introduced hydrogen cyanide. 

3,869,500 
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EXAMPLE 3s 
i 0.1 gram-mole of palladium chloride, 0.2 gram-mole 
of cesium chloride and 0.1 gram-mole of cadmium 

, chloride were mixed with‘ l l. of an aqueous silica sol 
5 solution containing 20% by weight. of SiOz and the mix 

ture was evaporated to dryness in a rotary evaporator. 
The resultant mixture was treated with hydrogen sul 

' fide at 400°C. for 20 hours. 5 ml. of this catalyst was 
mixed with 5 ml. of quartz sand and filled into a reac 

|0 tion tube of heat-resistance glass of 8 mm. inside diam 
eter. The reaction tube was maintained at 350°C. and 
a gas mixture consisting of ethylene, hydrogen cyanide, 
oxygen, hydrogen chloride nitrogen at a volume ratio 
of 10:l:210.0.:2 was introduced at a space velocity of 

15 150 hr". The yield of acrylonitrile based on the intro 
duced hydrogenn cyanide was 80.2 percent over 30 
days after the starting of reaction. 1 

EXAMPLE 39‘ 

20 An aqueous hydrochloric acid solution containing 
0.05 gram-mole of palladium chloride was mixed with 
l l. of an aqueous alumina sol solution containing 10 
percent by weight of M203 and the: mixture was evapo 
rated to dryness on a hot water bath. The resulting mix 

25 ture was treated with hydrogen sulfide at 850°C for 5 
hours. Furthermore 0.1 gram-mole of cesium chloride 
per 1 l. of alumina sol was supported on the resulting 
mixture. 20 ml. of this catalyst was mixed with 20 ml. 
of quartz sand and filled into a reaction tube of stainless 
steel of 10 mm. inside diameter. The reaction tube was 
maintained at 330°C. and the reaction pressure was 
maintained at 4 Kg./cm2. and a gas mixture consisting 
of ethylene, hydrogen cyanide, oxygen’, hydrogen chlo 
ride and nitrogen at a volume ratio of 501511013132 was 
introduced at a space velocity of 31,000 hr“. The yield 
of acrylonitrile based on the introduced hydrogen cya 
nide was 51.0 percent over 15 days after the starting of 
reaction. 

30 

35 

40 ' EXAMPLE 40 

An aqueos hydrochloric acid solution containing 
0.025 gram-mole of palladium chloride was mixed with 
l l. of an aqueous alumina sol solution containing l0 

45 percent by weight of A1203 and the mixture was evapo 
rated to dryness on a hot water bath. The resultant mix 
ture was treated with a gas mixture consisting of 20 per 
cent by volume of sulfur dioxide and 80 percent by vol 
ume of nitrogen at 420°C for 20 hours. Furthermore 

50 0.05 gram-mole of potassium chloride per 1 l. of alu 
' mina sol was supported on the resulting mixture. 10 ml. 

of this catalyst was mixed with 10 ml. of quartz sand 
and filled into a reaction tube of heat-resistance glass 
of 8 mm. inside diameter. The reaction tube was main 

55 tained at 320°C. and a gas mixture consisting of ethyl 
cne, hydrogen cyanide, oxygen, hydrogen chloride and 
nitrogen at a volume ratio of 50151105130 was intro-_ 
duced at a space velocity of 300 hr“. The yield of acry 
lonitrile based on the introduced hydrogen cyanide was 

60 84.2 percent over 7 days after the starting of reaction. 
I What is claimed is: 

l. A process for the production of an ethylcnically 
unsaturated aliphatic nitrile, which comprises contact 
ing an olefin selected from the group consisting of 0th 

65 ylcne, propylene, normal butylenc, isobutylenc and 
vinyl chloride with hydrogen cyanide and a molecular 
oxygen-containing gas in the gas phase at a tempera 
ture of from 100° to 500°C, in the presence ofa catalyst 
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obtained by contacting a palladium metal, palladium 
oxide, palladium hydroxide or, palladium salt with a 
member selected from the group consisting of hydro 
gen sulfide and sulfur dioxide at a temperature of from 
—-l0° to l,200°C prior to contacting said catalyst with 
said olefin, said hydrogen cyanide and said molecular 
‘oxygen-containing gas. 

2. A process according to claim 1 wherein the cata? 
lyst is used for treatment with hydrogen sulfide gas at 
a temperature of 200° to l,000°C. 

3. A process according to claim 1 wherein the cata 
lyst is used after treatment with sulfur dioxide gas at a 
temperature of 200° to l,0O0°C. . 

4. A process according to claim 1 wherein the cata 
lystis used after treatment with an aqueous hydrogen 
sulfide solution at room temperature. I 

5. A process according to claim 1 wherein the reac 
tion is effected in the presence of a gas selected from 
the group consisting of helium, nitrogen, carbon diox 
ide, carbon monoxide, steam, methane, ethane, pro 
pane, butane, ethylbenzene and aliphatic nitriles. 

6. A process according to claim 1 wherein the olefin 
is ethylene and the product obtained therefrom is acry 
lonitrile. 

7. A process according to claim 1 wherein the ole?n 
is propylene and the products obtained therefrom are 
methacaylonitrile and crotononitrile. 

8. A process according to claim 1 wherein the olefin 
is normal butylene and the products obtained there 
from are alpha-ethylacrylonitrile, beta 
ethylacrylonitrile and alpha, beta 
dimcthylacrylonitrile. 

9. A process according to claim 1 wherein the olefin 
is isobutylene and the product obtained therefrom is 
beta, beta-dimethylacrylonitrile. 

10. A process according to claim 1 wherein the olefin 
is vinyl chloride and the products obtained therefrom 
are chloroacrylonitrile, fumaronitrile and acrylonitrile. 
1l..Process as claimed in claim 1 wherein the palla 

dium salt is a member selected from the group consist 
ing of palladium chloride, palladium bromide, palla 
dium iodide, palladium cyanide, palladium thiocya 
nide, palladium sulfide, palladium sulfate, palladium 
nitrate, palladium phosphate, palladium hypochlorite, 
palladium chlorite, palladium chlorate, palladium bro 
mate, palladium iodate, palladium formate, palladium 
acetate, palladium monochloroacetate and palladium 
oxalate. 
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12. Process as claimed in claim 1 wherein said palla 
dium salt is in admixture with another substance and t 
the mixture is selected from the group consisting of pal 
ladium chloride and zinc chloride; palladium chloride 
and cadmium chloride; palladium chloride, chloropla 
tinic acid and potassium chloride; palladium nitrate 
and zinc nitrate; palladium chloride and barium chlo 
ride; palladium chloride, thallium chloride and potas 
sium cyanide; palladium nitrate and ammonium vana~ 
date; palladium cyanide and cadmium chloride; palla 
dium nitrate, silver nitrate and potassium hydroxide; 
palladium chloride and cupric sulfate; palladium chlo 
ride and ruthenium chloride; palladium iodide, cobalt 
chloride and rubidium chloride; palladium chloride, 
ferric nitrate and cadmium sulfide; palladium sulfate, 
manganous chloride and potassium thiocyanate; palla 
dium acetate, indium chloride and potassium bromide; 
palladium iodide and stannous oxide; palladium phos 
phate and lead chloride; palladium bromide and bis 
muth nitrate; palladium chloride, ammonium molyb 
date and zinc chloride; tungsten chloride, potassium 
sul?de and palladium sulfide; palladium chloride and 
tellurium chloride; palladium chloride, sodium hydrox- _ 
ide and cadmium chloride; palladium chloride, potas 
sium chlorate and lanthanum chloride; palladium chlo 
ride, sodium chloride and potassium chloride; palla 
dium chloride, cadmium chloride and cesium chloride; 

_palladium chloride, cadmium chloride and bismuth 
chloride; palladium chloride, cadmium chloride and 
potassium bromide; palladium chloride, zinc chloride, 
cesium chloride and ferric chloride; palladium chloride 
and cesium chloride; and palladium chloride in combi 
nation with potassium chloride. 

13. A process according to claim 1 wherein the cata 
lyst comprises palladium metal, strontium sulfate and 
potassium chloride. 

14. A process according to claim 1 wherein the reac 
tion is effected in the presence ofa compound selected 
from the group of hydrogen chloride, hydrogen bro 
mide, hydrogen iodide and halogenated nitrile selected 
from the group consisting of B~halogenated propioni 
trile, ,B-halogenated isobutyro nitrile, B-halogenated 

V butyronitrile, l-halo-Z-cyanobutane, l-cyano-Z-halo 
butane, 2-halo-3-cyano butane and ,B-methyl-B-halo 
butyronitrile. 


